Competition has been frequently invoked as a force organizing communities. Certainly, competition does exist and it can be a factor in the composition and diversity of communities (Paine 1974; Dayton 1975; Brown et al. 1979; Connell 1961; Grant 1972) . However, for an increasing number of examples, closer inspection of interspecific relationships reveals habitat specialization that minimizes competitive interaction (Cody 1966; Schoener 1974; Pianka 1969; Lubchenco and Menge 1978; Lounibos 1981) . These specializations are often thought to have arisen as a result of competition in the past, selecting for niche shifts or "ecotopic specialization" (Pittendrigh 1950) which, in the present, are viewed as coevolved specializations. Part of the presumption of competition follows from the further, more basic assumption of communities at equilibrium (MacArthur 1972; Cody 1974; Diamond 1978) , where all of the habitat's resources must be allocated among its inhabitants, leading to limiting similarities of species (Hutchinson 1959; MacArthur and Levins 1967; MacArthur 1972; Abrams 1975) .
Competition for limiting resources is expected to be most immediate in a restricted habitat. Would, for example, Offprint requests to: W.E. Bradshaw Hutchinson (1959) have considered coexistence among corixids if Santa Rosalia had been the patron saint of a lake instead of a small limestone spring? One can easily rationalize coevolved niche shifts among species interacting over a broad and/or diverse habitat but what happens when habitats are small and circumscribed? To develop this question, we have considered the tree-hole mosquito fauna in southeastern United States.
Tree holes have a world-wide distribution, being common wherever there are mature stands of hardwood trees. Typically, these holes are formed between root buttresses or in arboreal crotches or as a result of decay after a branch has broken off. Whenever these tree-holes contain water, they also tend to contain a specific mosquito fauna (Keilin 1932; Kitching 1971 Kitching , 1982 Corbet 1964; Jenkins and Carpenter 1946; Service 1965; Lounibos 1981 Lounibos , 1982 . In north Florida, we located 115 water-filled holes in 11 species of hardwood trees; at one time or another over a year's period, all contained mosquitoes. These mosquitoes included seven species in as many genera (Fig. 1) . Two species, Culex restuans Theobald and Culiseta melanura (Coq.) , are normally considered ground-water mosquitoes; the other five prefer tree holes to alterante habitats (Jenkins and Carpenter 1946; Horsfall 1955) . Of the latter 5 species, Toxorhynchites rutilus (Coq.) and Corethrella appendiculata Grabham are predominately carnivorous, Aedes triseriatus (Say) and Orthopodomyia signifera (Coq.) are filter-feeders and/or browsers, and Anopheles barberi (Coq.) is primarily a filter feeder but also a facultative carnivore . We initially sought to determine the manner by which they could continue to coexist indefinitely in a habitat which averaged less than 3.0 1 in volume; and, in this paper, we show that the tree-hole mosquitoes do partition their habitat spatially and trophically. Further, we provide evidence that this habitat specialization has not evolved in response to competition; rather, the community is held below carrying capacity by predation and unoccupied subhabitats are still available.
Materials and methods

Study area
The Tall Timbers Research Station (30.6 ~ N, 84.2 ~ W) is situated on a 1,200 hectare nature preserve along the northern edge of Lake Iamonia, Leon County, Florida. From Lake Iamonia, the land rises from just under 100' (30 m) elevation to about 250' (76 m) in the northern portion (Fig. 2) . The lake is bordered by mixed hardwood forests which form larger tracts in Woodyard and Fraction Hammocks and cover much of Hall, Gay's, and Sheep Islands. These forests consist primarily of sweet gum (Liquidambar styraciflua L.), live oak (Quercus virginiana Mill.), water oak (Q. nigra L.), beech (Fagus grandifolia Ehrh.), magnolia (Magnolia grandiflora L.), ironwood (Ostrya virginiana Mill.), tupelo gum (Nyssa sylvatica Marsh), holly (Ilex opaca Ait.), and pignut hickory (Carya glabra Mill.). Areas of mixed hardwoods located mainly along watercourses or around ponds (Fig. 2 ) also reticulate throughout Tall Timbers. The bulk of the preserve is covered by open fields o r open piney woodlands. The latter are composed of mainly slash (Pinus ellottii Engelm.) or loblolly pine (P.taeda L.), often interspersed with hardwood trees. In the northwest portion of Tall Timbers, the open-woods hardwoods consist principally of mockernut hickory (Carya tomentosa Nutt.) and white oak (Q. alba L). Sprinkled throughout Tall Timbers are 0.25 acre (0.041 hectare) fire study plots whose tree composition depends upon both their nearness to water and the frequency with which they are burned. Excepting hardwood hammocks, forests adjoining water courses, and fire-study plots, the entire Tall Timbers Research Station is control-burned each year during the late winter-early spring.
Tree holes
Locating, sampling, and censusing. We located pans or rot holes (Kitching 1971) , that contained water and mosquitoes at least once between October 1, 1977 and July 31, 1978 . At regular intervals we examined and sampled the contents of these tree holes. We removed all fluid from small holes with a pipette and from larger holes by siphoning the contents with a 1.25 cm inside diameter hose. The samples were concentrated by filtering through a fine mesh (small enough to retain first instars of all but Corethrella appendiculata) aquarium net. Usually the siphon established a good suction and the contents of the hole flowed smoothly and rapidly; in those cases where the siphon did not flow freely, the water just taken from the hole was filtered through the same finemesh net and the filtrate used to rinse and re-siphon the hole. This procedure was repeated until we obtained a free-flowing siphon sample. Our sampling is therefore probably at least as efficient as that reported by Lounibos (1982) for his "original extract." Samples in quart (0.95 1) plastic bags were carried to the laboratory where they were maintained in an incubator whose temperature had been set at the prevailing early morning tree-hole temperature. To census mosquitoes, we placed the sample into a 15 x 22.5 cm plastic pan which was nested into a second pan filled with ice. This technique maintained sample temperature at or below that prevailing in the field Table 2 showing the location of tree holes in the woods and isolated on open ridges, respectively which was especially important for larger samples which sometimes required 3 4 h to census. We counted the number of each instar of each species, discriminating the species of first and, sometimes, second instars under a dissecting microscope. After censusing, we placed the samples back in the incubator and subsequently returned them to their respective holes. Samples were taken, censused, and returned on the same day, usually within a 3-5 but no more than 8-9 h period.
Between February and December, 1978, we made 19 censuses of the tree-hole system at approximately 2-week intervals. We chose this time frame since our observations indicated it was slightly less than a generation time for
Aedes triseriatus, the fastest developing species we examined. Thus, while successive censuses were likely to encounter some of the same individuals, we were unlikely to miss any species which might occupy a given hole.
Originally, we identified 79 holes but as we censused these, some dried up permanently and we located others. At the same time, it became clear that we could not continue indefinitely to census every hole. Consequently, we censused all known holes during censuses 4~5 and then reduced our basic number to 44 of which 9 dried up permanently sometime during the year, leaving us with 35 holes censused for the first 17 censuses. These holes were selected from the larger group to assure a wide range in host tree species and in hole size from large to small. By the 17th census, a long drought had dried up all but one hole in mid-October (Fig. 3) . Apart from spot checks, censusing was then suspended until December when there was sufficient rain to generate standing water in the tree holes. Due to logistical problems, we sampled only 19 holes in December for censuses 18 and 19.
For each census, we checked the hole for the presence of standing water; if there was no standing water, we scored the hole as dry, even if the substrate was moist. If the hole contained standing water, we drained and measured the volume of water contained in the hole. This regime eventually provided us with the frequency that a given hole was dry during the year. (Sinsko and Grimstad 1977; Scholl and DeFoliart 1977) . As discriminating characters, we looked first for the lighter color, then equal-length anal papillae, and finally, the detached acus of the A. hendersoni larvae (Truman and Craig 1968; Zavortink 1972; Grimstad et al. 1974) . At no time did we observe any larvae resembling A. hendersoni. In addition, L.P. Lounibos (personal communication) made a search in 1981 for A. hendersoni at Tall Timbers, including tree holes 4~5 m above the ground, without success. We therefore conclude that, at most, A. hendersoni is rare at Tall Timbers and that our samples contained predominantly or exclusively A. triseriatus. Although Zavortink (1968) does not list Florida within the range of Orthopodomyia alba, we also checked for the presence of this species in our samples. While we cannot for certain exclude the presence of O. alba among the younger instars, we found no fourth instars of this species, and therefore assumed that our samples contained exclusively O. sign tfeYa.
Identification of species.
Tires. During February, 1978, we hung 10 tires 1.5_+0.2 m from the ground in Woodyard Hammock (Fig. 2) . We immediately seeded these tires with tree-hoie slop which we had gathered from a single local tree and heated to 80 ~ C to kill the insects present. The amount of slop was adjusted so that the light of a flashlight could just penetrate to the top of the detritus layer in the tire. During the experimental periods covered in this paper, we maintained at least 15 cm of standing water in each tire, either by natural rainfall or, during dry periods, by the addition of unchlorinated well water.
Biomass. Total mosquito biomass or the biomass of any one species was calculated from the mean dry-weight of each instar of each species (Bradshaw and Holzapfel, unpublished) .
Results
Seasonal abundance
To assess tree-hole population size over time, we examined the census data from only those 35 holes for which we had consecutive samples from March through October, 1978 . Figure 4 shows the number or total biomass of each species pooled for each of 17 censuses. From the overwintering generation until the major drought starting in late September, T. rutilius and O. signifera generally maintained constant population biomass throughout the year while biomass of A. triseriatus and A. barberi generally declined after the spring. Population biomass of C. appendiculata declined during April, May, and June but rose again in July, August, and September. C. restuans appeared during the first census, peaked in late March, declined to one individual in May, and was not observed thereafter. C. meIanura appeared only sporadically from March to June and was also not observed thereafter. Between February and December, 1978, we located 115 individual holes which we examined 1 19 times each. If the hole contained water, it was censused. Thus, some of our results report repeat censuses on the same holes. Where such repeat censuses occur, we term them wet-holes, akin to hole-censuses or hole-samples; otherwise, the census data given are for individual tree holes or the mean of a series of censuses of individual holes. Our 1978 censuses yielded 772 wet-holes and 7 species of mosquitoes; of these 7, C. restuans and C. melanura were restricted to the spring (Fig. 4) or the period immediately following the heavy rains in November. C. restuans occurred in only 25 and C. melanura in only 15 of the 772 wet-holes. By contrast, we encountered the other 5 species in every census period in a wide variety of holes. Consequently, the remainder of the paper emphasizes relationships among the other 5 species, namely T. rutilus, A. triseriatus, O. signifera, A. barberi, and C. appendiculata. Tree-hole size, permanence, and mosquito abundance While the above results provide a picture of system-wide seasonal population trends, they say little about events occurring in single tree holes and how these events relate to the species found therein. Starting with this section we shall consider the physical factors of habitat size (tree-hole capacity, the maximum volume observed in a given hole during 1978) and permanence (proportion of censuses during which a given hole contained standing water) through time, continue with the effect of these factors on species richness, and then examine the associations and biotic interactions of the mosquitoes themselves.
Tree-hole capacity was a good predictor of total mosquito biomass but the constituent species varied with respect to their relationship to tree-hole volume (Fig. 5 ). Mean biomass of T. rutilus, O. signifera, and A. barberi was proportional to tree-hole capacity but biomass of A. triseriatus and C. appendiculata was not. Tree-hole capacity was also a good predictor of tree-hole permanence (Fig. 6) , the larger holes having a greater probability of containing standing water. Taken together, these results suggest that A. triseriatus is relatively more abundant in the smaller, more ephemeral holes while T. rutilus, O. signifera, and A. barberi are more abundant in the larger, more permanent holes. The eggs of A. triseriatus, unlike those of the other treehole mosquitoes considered here, are laid on the side of the hole, above the water, and are able to withstand an indeterminate period of drought (Jenkins and Carpenter 1946) . Thus, following a drought and subsequent rainfall, A. triseriatus can hatch immediately while the other treehole mosquitoes must first relocate holes and then oviposit into them. Following a drought, A. triseriatus larvae should therefore appear immediately upon tree-hole filling whereas the appearance of the other species should be delayed.
To investigate differences in colonizing ability, we monitored the reinvasion of larvae following both a short-(2-4 week) and long-(6 10 week) drought. Of the 35 holes followed for 17 censuses, 23 of them dried up by the third census. Figure 7 shows the cumulative frequency of these holes recolonized after the short drought. A. triseriatus appeared in 95% of the holes in the first census following the drought; T. rutilus appeared in 40% of the holes in the first census and 40% more within four censuses. O. signifera did not appear as rapidly as A. triseriatus or T. rutilus but did eventually occur in 73% of the holes. A. barberi was more retarded in its appearance, never to invade more than a third of the previously dry holes.
The longer drought from September to December, 1978, resulted in the drying up of all holes for 6-10 weeks. After this long drought, we censused 19 of the holes, including both drought-prone holes which had dried up by the second or third census and drought-resistant holes, one of which was the only hole persisting into the seventeenth census. Figure 8 shows the standing crop (cumulative biomass) of mosquitoes in these holes both before and after the drought. As previously (Fig. 4) , the standing crop of T. rutilus and December (shown in Fig. 3 ) during which time all holes were dry O. signifera remained consistently high until the tree-holes commenced drying up in the 16-17th census ( Fig. 8 ) while the standing crop of A. triseriatus and A. barberi exhibited a continual decline throughout this period. After the long drought, however, we did not observe T. rutilus or A. barberi in any of the holes. A. triseriatus not only reappeared rapidly after the drought but did so at levels above those observed during the mid-to late summer when it was continually raining. Although O. signifera did reappear after the long autumnal drought, it did so in only 3 holes and at a level more characteristic of the drought-stressed holes in September than the regularly water-filled holes earlier in the season. The above observations indicate that A. triseriatus is least affected by drought of long or short duration. Indeed, the predominance of A. triseriatus may be favored by an especially long drought. T. rutilus rapidly appears in holes following a drought of short but not long duration. O. signifera appears in holes after both short or long droughts, albeit more slowly than T. rutilus after a short drought and at greatly reduced levels after a long one. A. barberi would seem to be the least drought resistant of any species, appearing slowly after a short drought and not at all after a long one.
Species richness
The greater abundance of T. rutilus, O. signifera, and A. barberi in previously dry holes (Fig. 7) suggests that the average number of species in a tree hole may be associated with its size and permanence. To illustrate the effects of size and permanence of habitat on species richness, we subdivided the tree holes into two categories: those which did not dry up during the spring drought and remained wet during both censuses, two and three (12 holes), and those which dried up during either or both of these censuses (23 holes). Figure 9 shows that while there was a positive correlation between species richness and size in both subpopulations, the slope relating species richness to tree-hole volume was steeper for the less than for the more permanent holes (analysis of covariance on log-transformed data: F1,31=6.64; P<0.05). These data suggest that the effect of size and permanence of habitat are not independent in their effects on species richness; rather, size becomes a more reliable predictor of species richness as the frequency of disturbance (drying) increases.
Greater species richness might result from lower average extinctions in or higher average immigrations into the larger, more stable holes. To consider this possibility, we examined the extinctions and immigrations in the 35 holes censused above. For each hole, starting with the second census, we counted as an extinction any species missing in the current census which had been present in the previous census and as an immigration any species which had been absent in the previous census that was present in the current census. We did not score dry tree holes as extinctions; rather, we used as a basis of comparison the most recent census when that hole had been wet. Using these criteria, we found no significant correlations between extinctions per hole (r--0.116, P>0.05; r=0A35, P>0.05) or immigrations per' hole (r = -0.028, P > 0.05; r = -0.266, P > 0.05) and either tree-hole permanence or tree-hole volume, respectively. In the 413 wet-holes from the second to seventeenth census, there was an average of 0.554 immigrations and 0.535 extinctions per hole. The pattern of these events showed no significant departure from random expectation (Table 1) .
To determine the effects of tree-hole isolation on species turnover, we selected 5 holes on the top of ridges in open piney woodlands. These holes were the most isolated from any nearby woods or other tree holes of any we sampled. We then matched these 5 holes according to volume and times wet during the year with 5 holes within larger, wooded areas (Table 2) . Two-way analysis of variance revealed a highly significant difference in mean number of species among holes. Therefore, we were examining a group of holes similar to the larger population considered earlier (Fig. 9 ). There were, however, no significant differences in number of immigrations or extinctions either among holes or between the isolated holes and those in the woods; nor was there a significant difference in mean number of species between the isolated trees and those in the woods. Thus, B e tw e en h ol es F4, 9 = 2.04 n~ F4, 9 = 2.21n" F4, 9 = 30.93, P < 0.01 Between sites F1.9 = 0"01ns F1,9 = 0. tO ns F1, 9 = 0.36 "s 
Association of species
The previous sections have considered general population trends and the interaction of species with their physical environment. We now turn attention to the interaction of the constituent tree-hole mosquitoes with each other. We shall first examine associations between species followed by an analysis of crowding and its density-dependent consequences and, finally, the impact of predation on this system. To examine the association among species, we used techniques of pair-wise association based on presence-absence (Pielou 1977; pp 208-211) and factor analysis. Our census routine described above yielded 772 wet-holes but was designed to minimize the probability that we would miss any one generation completely. We were interested in temporal ~b 62. o. Fig. 10 . Association between species during the overwintering (census 1), first summer (census 5), and mid-summer (census 10) generations. Positive associations are indicated by solid lines, negative associations (repulsions) by dashed lines. A single line designates a significant association (P<0.05); a triple line represents a very highly significant association (P< 0.001) dynamics of the community as well as composition at any one time and very intentionally used a sampling with replacement technique. In so doing, we likely sampled the same individual more than once; hence, the species distribution found during a given census is not independent of previous censuses. For association analysis, we therefore selected three censuses: the first census (79 holes) represented the overwintering community; the fifth census (92 holes) represented the first summer generation and commenced 6 weeks after the end of the first; the tenth census (56holes, 4/regularly censused plus 15 new ones, discovered in the interim) began 9 weeks after the end of the fifth census and thus provided ample time for even the youngest members of the fifth census to mature and leave the hole.By this procedure, we chose censuses with the largest number of holes and with the maximum time and variety of holes between censuses. Included in our analyses were all holes during the census (1) which contained standing water and (2) in which we found tree-hole mosquitoes during at least one of the/9 total censuses.
Pair-wise association analysis based on presenceabsence data in 227 wet-holes revealed strong positive associations among T. rutilus, O. signifera, A. barberi, and, to a lesser extent, C. appendiculata, and strong negative associations of A. triseriatus with T. rutilus, O. signifera, and A. barberi (Fig. 10) . In addition to pair-wise association, we subjected both number and biomass of mosquitoes from the same samples from censuses 1, 5 and 10 to factor analysis (Nie et al. 1975, Ch. 24) . Factor analysis is especially useful when there are inter-correlations among variables, such as those among T. rutilus, O. signifera, and A. barberi in the results above (Fig. 10) . A fundamental assumption of factor analysis is that these inter-correlations result from some underlying regularity in that data which, in biological terms, might in turn be ascribed to some common causative agent. While factor analysis does not identify this causative agent, it does cluster input variables into composite variables or factors which have the property of being orthogonal (uncorrelated with one another). Thus, the number of factors extracted provides a clue to the number of underlying causative agents while the correlations (factor loadings) between the original variables and the composite factors provide an indication of which variables are responding to these agents.
In the present case, factor analysis of both mosquito numbers and biomass resulted in the extraction of two factors (Table 3) . Factor analysis of mosquito biomass and numbers revealed close correlations of the first factor with T. rutilus, O. signifera, and A. barberi, and a close correlation between the second factor and A. triseriatus. A moderate correlation between the second factor and C. appendiculata was observed only for the biomass data. Thus, factor analysis confirmed earlier inferences from tree-hole permanence (Figs. 5, 6 ) and pair-wise association (Fig. 10) 
Intra-and interspecific crowding
The data in Fig. 10 and Table 3 suggest relationships based on presence-absence of species or covariation of population sizes without regard to habitat size, even though the latter is clearly an important determinant of population size (Fig. 5) . Indicators of competition or prey limitation by predators relate more to the density of potential competitors or prey encountered than their total abundance. We therefore compared densities using Lloyd's (1967) indices of mean intra-and interspecific crowding per unit resource (Rathcke 1976; Hurlbert 1978) , in this case, tree-hole volume. Lloyd's indices are especially tractable for discrete habitats and are readily interpretable as the mean number of species y encountered per liter of tree-hole volume by the average individual of species x. If xi is the number of individuals of species x, y~ the number of individals of species y, and vi the actual volume of water in the ith tree hole, then mean interspecific crowding of x by y is given by zxyi/y~xi and mean intraspecific crowding by the same v~ formula but substituting (xl-1) for Yi. Figure 11 summarizes intra-and interspecific crowding. Several patterns emerge from these relationships. (1)The predators, T. rutilus and C. appendiculata, both encounter a higher density of potential prey (all species) than they do each other or themselves. (2) Both T. rutilus and C. appendiculata encounter more O. signifera per unit volume than A. triseriatus. (3) The most abundant prey, O. signifera and A. triseriatus, experience far greater intra-than interspecific density. (4) A. barberi is the only filter feeder that encounters greater inter-than intraspecific density. These observations suggest, but do not show, that T. rutilus and C. appendicuIata encounter abundant prey, that O. signifera and A. triseriatus are more likely to be self-limited, and that A. barberi may be more limited by other, competing filter feeders.
Density-dependent development of filter feeders
The co-habitation of a finite space and the data in Fig. 11 invite speculation into the probability of density-dependent constraints. Density-dependence may be intraspecific, interspecific, or a combination of both. To assess if the levels of crowding observed in Fig. 11 impose density-dependent constraints upon the mosquitoes in tree holes at Tall Timbers, we examined pupal production in the 35 holes censused from February to October, 1978 (Fig. 12) . Most of the annual pupation of A. triseriatus and A. barberi took place in late March and early April (censuses 2-3) and thus resulted from overwintering generations. Both T. rutilus and O. signifera exhibited sustained production of pupae up until the drought commencing in September (Fig. 3) . We therefore broke our analyses into three sections: pupal In laboratory cultures of mosquitoes, increased larval density results in both longer larval development and reduced pupation success (Moore and Fisher 1969; Gilpin and McClelland 1979; Moeur and Istock 1980; Istock et al. 1975; Fish and Carpenter 1982) . Hence, at any given time in nature, density-dependent development should be apparent from the relative abundance of pupae with respect to the total conspecific biomass. We therefore used pupae per mg of a given species in a tree hole as a criterion of emergence success and as a measure of density-dependence. We then performed step-wise regression of pupae per mg in the current census on three predictor variables: density (mg/ liter of actual tree-hole volume) of conspecifics, density of predators (both T. rutilus and C. appendiculata), and density of potentially competing filter feeders. The three variables were taken from the current and previous censuses, totalling six independent variables in all. To enter into the regression the criterion species must have been presOs.
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O.s I-5 OS. 247 ent in the current census. The interval between censuses was greater than the duration of any pupal stage at prevailing temperatures. Thus, even though successive samples are not entirely independent as larvae censused at one time could re-appear as larvae or pupae during the next census, the lack of pupae at persistant high densities would indicate density-dependent constraints while the presence of pupae under the same conditions would indicate the lack of such constraints. Using these criteria, a positive correlation between pupation and a predictor variable indicates a beneficial effect while a negative correlation indicates a deleterious effect of competitors or predators. Figure 13 shows the reduction in sums of squares (coefficient of determination, or the proportion of variation in pupation explained by regression) for successive significant steps of each regression. For all 17 censuses or in the absence of T. rutilus at any time of year, pupae per mg of A. triseriatus correlated positively with intraspecific density. In the presence of T. rutilus, pupation was correlated only with predator density in the current census and even then, only later in the year. There is therefore no evidence that A. triseriatus experiences either intra-or interspecific competitive pressure although predation has a significant effect on pupation at a time when populations of A. triseriatus are declining (Fig. 4) .
For all 17 censuses pupae per mg of O. signifera was positively correlated with intraspecific density and negatively correlated with competitor and predator densities, all in the current census (Fig. 13) . In the absence of T. rutilus, these same relationships, except for the effect of predation, still persisted. In the presence of T. rutilus, pupation by O. signifera was positively correlated with intraspecific density in the current census but negatively correlated with predator density in both the current and previous census but negatively correlated with predator density in both the current and previous census and with competitor density in the previous census. Breaking the censuses into spring (Cen. I 5) and summer (Cen. 6-14) revealed positive correlations between pupation per mg of O. signifera and intraspecific density at both times but negative correlations between (1) pupation and competitor density in the absence of T. rutilus and (2) pupation and predator density in the presence of T. rutilus only later in the year. There is thus little evidence that intraspecific density limits pupation in O. signifera but some evidence exists that interspecific Fig. 13. Step-wise multiple regression of pupae per mg total biomass of O. signifera, A. triseriatus, or A. barberi on the density of its own species, of predators (7\ rutilus and C. appendiculata), and other filter feeders in both the current and previous censuses (total of six independent variables). All independent variables returned presented a highly significant reduction in sums of squares (increase in coefficient of determination, P<0.01) except *, P<0.05, and ns, not significant. The species and number of censuses considered are shown above each set of bar graphs. +_+ T.r., density of T. rutilus not taken into account; + T.r., only those holes with T. rutilus in both the current and previous censuses are considerd; -T.r., only those holes with T. rutilus absent in both the current and previous censuses are considered. Numbers in parentheses indicate the number of wet-holes involved. Within or above each bar is shown the variable returned for that step in regression, with a + for a positive correlation and a -for a negative correlation; C, heterospecific filter feeders; P, predators; I or 2 indicates the previous or current census, respectively persistence/extinction or pupation success/failure of each species during each census. The dashed line shows the cut-off value for P = 0.05 and is indicated '~' 2' ~7~~9 , 73 ~8 only when the overall effect was significant density factors may limit pupation of O. signifera in the absence of predation later in the year.
There was a sufficient number of holes with A. barberi to examine relationships only over all 17 censuses (Fig. 13) . When the presence or absence of T. rutilus was disregarded, pupation per mg ofA. barberi was positively correlated with competitor density in the current census but no significant correlations persisted when the presence or absence of T. rutilus was fixed. The only significant correlation explained but 5% of the variation in pupation of A. barberi and this degree of correlation would not be significant given the sample sizes of the latter analyses. The data available for A. barberi thus show no significant effects of either intraspecific or predator density and the only effect of competitor density is small and positive.
Taken as a whole, these results provide no evidence that intra-or interspecific density impedes development of A. triseriatus or A. barberi at any time of year. In O. signifera, negative effects of competition occur but when they do, are always less than the positive effect of intraspecific density. Finally, predation can have an adverse effect on pupation in the presence of T. rutilus later in the year.
Predator presence and prey persistence
Toxorhynchites are renowned for the universally voracious nature of their predatory larval habits. Relative to the other dwellers in tree-holes, they are enormous (Fig. 1) . In addition, on a smaller scale C. appendiculata also can inflict considerable mortality within the confines of tree holes (Lounibos, 1982) . We therefore now turn attention to the role of predation in the organization of this tree-hole mosquito community. Because of its size (Fig. 1) , abundance, and constancy of occurrence (Fig. 4) , we shall first consider the role of T. rutilus. On one level, we asked whether the presence of the predator in natural tree holes was associated with the persistence/extinction of each species or its ability to pupate. On another level, we examined the effects on species composition and pupation success of totally excluding T. rutilus from artifical tree holes (tires).
Predation in natural tree holes
T. rutilus consumes abundant prey but the question remains to what extent it effects the extinction or prevents metamorphosis of the prey species co-habiting the same holes. To answer this question, we examined the relationship between a given prey species and whether its persistence and pupation success was related to the presence or absence of T. rutilus in our total census data of 772 wet-holes. Operationally, we constructed 2 x 2 contingency tables whose cells were filled in by the following protocol:
1. To be selected, a hole must have had standing water in both the previous and current census and must have had the prey species present during the previous census.
2. Those holes with prey present in the previous census were divided into two categories according to the presence or absence of T. rutilus. 3. Then, a = number of holes where T. rutilus was present in the previous census and prey were present in the current census. b=number of holes where T. rutilus was present in the previous census and prey were absent in the current census. c=number of holes where T. rutilus was absent in the previous census and prey were present in the current census. d= number of holes where T. rutilus was absent in the previous census and prey were absent in the current census. ZZ= chi-squared corrected for continuity (Pielou, 1977, p. 207 
) = (ad-bc-(a + b + c + d)/2)Z(a + b + c + d)/ (a+ b)(c + d)(a+ c)(b+ d).
The type of effect, positive or negative, was determined by the sign of (ad-bc) . If the overall Z z was significant, we then performed single degree-of-freedom comparisons for each census. By setting the criterion of significance for overall 2~=, we tried to minimze Type I errors in our between-census comparisons. As above, we wanted to examine the temporal sequence of events in holes of known conditions despite the lack of complete independence of sequential observations. Our results thus show individual census values of Z 2 as well as the overall values. Finally, as an indicator of pupation success, we constructed contingency tables as above but used for our criterion in the present census the presence or absence of pupae only.
Altogether (Fig. 14) T. rutilus had no significant effect on the persistence of O. To investigate this possibility, we constructed two sets of 2 x 2 contingency tables, one set consisting of holes where T. rutilus was absent in both the previous and the current census, the other set where T. rutilus was present in at least the previous census. Next, 1. To be selected, a hole must have had standing water in both the previous and current census and must have had the prey species being affected (species B) in it during the preceding census. 2. These holes were then divided into two categories according to the presence or absence of species pairs, A (the impinging species) and B (the affected species).
3. Then, a= number of holes where species A was present during the previous census and species B persisted into the current census. b = number of wet-holes where species A was present during Table 4 . Effect of species A on species B in the presence or absence of T. rutilus; in column X, ( + ) or (-) indicates a significant association of A with the persistence or extinction, respectively, of species B; in column P, (+) or (-) indicates a significant positive or negative association, respectively, of species A with pupation in species B. ns indicates a non-significant association in both columns X and P; NH number of wet-holes; Z 2, chi-squared corrected for continuity the previous census and the species B was absent in the current census. c = number of wet-holes where species A was absent during the previous census and species B persisted into the current census. d= number of wet-holes where species A was absent during the previous census and species B was absent in the current census. X 2 was calculated as above except that when all row and column totals were less than 15, we calculated probabilities directly using Fisher's exact test (Steel and Torrie, .
In wet-holes without T. rutilus ( 
Predation in tires
To examine further the effects of predation by T. rutilus, we sought to control their access to a habitat and have an accurate assessment of prey output. For this purpose, we hung 10 tires in Woodyard Hammock (Fig. 2) . From March to December, 1978, we examined these tires at least every 72 h during which time we collected the pupal exuviae of any mosquitoes having ecdysed, checked the water top to bottom for the presence of T. rutilus, and removed all egg rafts of non-tree-hole mosquitoes, presumably C. restuans. From 5 of the tires, we counted and removed all eggs of T. rutilus and any larvae of T. rutilus; from 5 other tires, we counted but did not remove the eggs or larvae of T. rutilus. Since we used a flashlight to check the entire water column, we should have censused 100% of the larval and pupal population as well as any pupal exuviae which may have become submerged. We censused and replaced the contents of tires about every 2 weeks during April-July and October-December. Otherwise, the natural flux of mosquitoes into and out of the fires was not inhibited in any way. Figure 16 shows the number of eggs observed in both sets of tires and the number of T. rutilus found in the tires in which we allowed them to colonize freely. T. rutilus eggs first appeared early in April and the tires received a steady influx from April through October. The number of eggs in tires declined during November and we observed no new eggs oviposited in December. Pooling the data for all five tires in a set at each census, we removed a geometric mean of 4.66 T. rutilus eggs per tire per day (excluding the census in late July when none of the tires contained any eggs); from the set of tires in which we left the eggs, we observed a geometric mean of 9.72 eggs per tire per census. Because we counted eggs every 1-3 days, the latter set of tires certainly contained eggs counted twice and the average flux of eggs into tires is best estimated by the former mean. From our bi-weekly censuses, we estimated a standing crop of 5.2 pre-adult T. rutilus per tire of which 28% were first instars, 13 seconds, 11% thirds, 43% fourths, and 5% pupae. From these 5 tires, we recorded a total of 15 pupal exuviae for an average of 3.0 T. rutilus emerging per tire during the year. Thus, over the same period at an oviposition rate of 4.66 eggs per tire per day, one adult ecdysed for every 208 eggs deposited. From these same two sets of tires, we recovered 437 pupal exuviae of other mosquito species. Of these, 44 emerged from tires with T. rutilus and 393 from tires without T. rutilus (Table 5 ). When T. rutilus were absent, more A. triseriatus than O. signifera + A. barberi emerged; in the presence of T. rutilus a few O. signifera+ A. barberi continued to emerge but no A. triseriatus exuviae were ever found in any of these latter tires. Thus, in addition to an 89% reduction in prey emergence, T. rutilus in tires effected a shift in emergence success from A. triseriatus to. O. signifera + A. barberi.
Cannibalism in T. rutilus
Both our own observations in the laboratory and field and the observations of others (Steffan and Evenhuis 1981) show that T. rutilus kill not only other species of prey, but also each other. One cannot examine the effect of T. rutilus' predation on itself in the same manner as we did above Table 6 . A Proportion of total development time of T. rutilus spent in each stage at 19 ~ or 27 ~ C (spanning the temperature prevailing in tree holes at Tall Timbers May to October, 1978); calculated from Trimble and Smith (1979) . B Observed and expected frequencies of each stage of T. rutilus found in 340 wet-holes during censuses 5-17; expected number = (relative duration of the stage from (A)) times total number of all stages) A. % total development time (L: D = 15 : 9) first instar to adult 19 ~ C 27 ~ C for other prey; rather, assuming no other source of mortality, we estimated the impact of cannibalism first by comparing expected instar ratios from developmental rates and second by pupae:egg ratios 9 Trimble and Smith (1979) provide data on the duration of pre-adult development in T. rutilus from southern Louisiana. While temperature has a profound effect on the total duration ofpre-adult development, the ratio of the duration of a given instar to the total remains surprisingly constant at 19 ~ and 27 ~ (Table 6A ). Assuming no larval or pupal mortality and a stationary age distribution, relative abundances of each stage of development should correspond to their relative durations. If cumulative mortality increased with developmental age, then there should be a progressive departure from these frequencies, i.e., younger instars should be uniformly more abundant and older instars uniformly less abundant than expected. To avoid the effects of photoperiod which may modify the rates of larval development or induce diapause in later instars (Bradshaw and Holzapfel 1975; Holzapfel and Bradshaw 1977; Trimble and Smith 1979) and thus bias our assumptions, we examined the instar distribution and egg abundances from late April (census 5) through mid-October (census 17) while oviposition (Fig. 16) and pupation (Fig. 12) were still taking place. The observed total numbers of each stage from the 35 holes we sampled during this period are shown in Table 6 B. In these holes, we found an excess of first and fourth instars and a deficiency of pupae. Since the latter could result either from the effects of predation on pupae or by food(prey)-limited growth in the fourth instar (Breland 1949; Jenkins and Carpenter 1946) , we also examined the distribution of the four larval instars alone (Table 6B ). In the latter case, there was again an excess of first instars but a deficiency of seconds and thirds. Finally, it is possible that first instars are cannibalistic, inter se. Examining the distribution of second, third, and fourth instars alone (Table 6B) , there are still more fourths and fewer seconds and thirds than expected from chance. These data support the hypothesis that T. rutilus is cannibalistic and indicate that in natural tree holes fourth instars are consuming younger instars, especially seconds and thirds. (Fig. 17) The negative association ( Fig. 10; Table 3 ), the low level of interspecific encounter (Fig. 11) , and high level of intraspecific encounter (Fig. 11) indicate that A. triseriatus live in a sub-habitat which is distinct from that occupied by T. rutilus, O. signifera, and A. barberi. A. triseriatus possess drought-resistant eggs; they predominate in smaller (Fig. 5) , more drought-prone (Fig. 6 ) holes and they are able to invade rapidly dry holes after either a short (Fig. 7) or long (Fig. 8) dry period. A. triseriatus alone occupy holes without regard to their permanency; T. rutilus, O. signifera, and A. barberi are positively associated (Fig. 10, Table 3 ) in the larger (Fig. 5) , more permanent holes (Fig. 6) . Hence, the permanence of the aquatic medium is a major factor organizing tree-hole mosquito communities.
Discussion
Organization of the mosquito community
Trophic specialization is also an important factor organizing the mosquito community 9 Both T, rutilus and C. appendiculata are carnivorous, readily attacking the filterfeeding prey, each other, and, at least in the case of T. rutilus, themselves. C. appendiculata is the smallest member of the community (Fig. 1) and feeds mainly on the smaller, younger instars of prey Lounibos, personal communication) . C. appendiculata appears to share characteristics with both the A. triseriatus and T. rutilus-O, signifera-A, barberi subcommunities ( Fig. 10; Table 3 ). C. appendiculata persisted through a long-term drought (Fig. 8) but was slow to invade previously dry holes after a short-term drought (Fig. 7) . In terms of biotic interactions, the presence or absence of C. appendiculata had no effect on the persistence or pupation of any filter-feeding prey, regardless of the presence or absence of T. rutilus (Table 4) . Finally, excluding C. restuans and C. melanura which are normally considered groundwater mosquitoes (Horsfall 1955) , C. appendiculata was the least prevalent tree-hole species at Tall Timbers (Fig. 4) . This pattern varies substantially from that observed in peninsular Florida where C. appendiculata is the major predator and second in its abundance only to A. triseriatus (Lounibos 1982) . These observations suggest that, although regularly encountered at Tall Timbers, C. appendiculata at this latitude has little impact on the tree-hole community as a whole.
By marked contrast, T. rutilus can have a tremendous impact on prey populations; T. rutilus is the largest member of the community (Fig. 1) and affects mainly the older prey instars (Fig. 15) . Their presence in our study tires reduced prey emergence by 89% (Table 4) . The steady appearance of T. rutilus eggs in these tires from April through November (Fig. 16) illustrates their potential to invade new holes, even during a prolonged drought. Indeed, after A. triseriatus, T. rutilus was the most rapid colonist of formerly wet holes (Fig. 7) .
In addition to the reduction of prey in tires, the presence of T. rutilus reversed the dominance in emergent species from A. triseriatus to O. signifera + A. barberi (Table 5) . Similarly, in actual tree holes, T. rutilus significantly increased the probability that A. triseriatus would to extinct (Fig. 14) and decreased pupation success (Figs. 13, 14) in this same species. Under these same conditions, O. signifera and A. barberi were able to persist, pupate, and emerge ( Fig. 14; Table 5 ).
While we have no direct evidence to explain differential predator susceptibility, we can propose several explanations for why O. signifera and A. barberi may be more resistant than A. triseriatus. (1) O. signifera possess longer, stouter bristles emerging from their thoracic and abdominal lateral tufts (Fig. 1) than those found on A. triseriatus. These bristles may decrease the strike-capture success ratio of T. rutilus attacking O. signifera. (2) A. barberi, like other anophelines (Clements 1963, pp. 33-36; Bates 1949, pp. 132-135) , are highly specialized surface feeders. Larvae of A. barberi lie motionless immediately below the surface, using their mouth brushes to create wide vortices which bring food particles floating on the surface film to their mouths. O. signifera and A. triseriatus feed while swimming along the edge or bottom of the hole or while hanging from the surface tension and cruising through the upper layer of the water column. Since motion is an important proximal orientation cue to Toxorhynchites (Paine 1934; Goma 1964; Rubio et al. 1980) , A. barberi may experience an attack rate much lower than O. signifera or A. triseriatus. (3) Table 4 shows that one of the few significant interactions among the prey species is that between O. signifera and A. barberi where both persistence and pupation of A. barberi in the presence (but not absence) of T. rutilus is enhanced by the additional presence of O. signifera. Crans and Slaff (1977) report that among T. rutilus in New Jersey, subsurface predation is more common than surface predation but Spielman (A. Spielman, personal communication) observed that in southern tupelo gum holes where A. barberi is the predominant filter feeder, T. rutilus lurk and feed mainly on the surface. It would thus appear that T. rutilus may adjust their behavior to coincide with the more abundant prey. Such behavior is not without precedent as the species-selective behavior of T. theobaldi in the laboratory depends upon the prey species it has encountered earlier in its development (Rubio et al. 1980) . Switching behavior by T. rutilus and the spatial separation of A. barberi and O. signifera in tree holes may account for the mutual, beneficial effect that these species derive from one another in tree holes with T. rutilus (Table 4).
By virtue of their size and selective predation, T. rutilus and C. appendiculata mainly exploit separate age classes of prey. Similarly, due to differences in drought and predator tolerance as well as trophic specialization, the non-predatory species exploit distinct types of tree holes or zones within holes. The five species of tree-hole dwelling mosquitoes at Tall Timbers thus appear to effectively partition their finite habitat (Fig. 17) .
The ghost of competition past
Despite the circumscribed nature of their habitat, there is little evidence that tree-hole mosquitoes at Tall Timbers are at equilibrium or compete for limiting resources. A. triseriatus predominate in perhaps the most distinct subhabitat, the smaller transient hole. They experience the highest level of intraspecific and total crowding by filter feeders (Fig. 11) . Pupation takes place mainly during the spring and early summer (Fig. 12 ) and population biomass declines during the year (Fig. 4) . While this pattern suggests intraspecific crowding factors to be important to A. triseriatus, pupation success per mg standing crop of A. triseriatus is positively correlated with intraspecific density (Fig. 13) . T. rutilus negatively affects both survival and pupation of A. triseriatus (Fig. 14) . Predation by T. rutilus may be especially important later in the summer when continued rains (Fig. 3) have permitted its high penetrance into most of the tree holes (Fig. 7) and pupation success of A. triseriatus is negatively affected by predator density (Fig. 13) . The only negative interspecific effect on A. triseriatus is reduced pupation success associated with the presence of O. signifera but only in the additional presence of T. rutilus (Table 5). When T. rutilus is absent, there is no significant effect of O. signifera on either persistence or pupation ofA. triseriatus, indicating that the negative effect of O. signifera on A. triseriatus is somehow related to predation, not interspecific crowding. Thus, it would appear that predation maintains population levels of A. triseriatus below those where intra-or interspecific competition is an important factor. After A. triseriatus, A. barberi exhibit the highest level of total crowding among filter feeders (Fig. 11) , but intraspecific density has no significant impact and interspecific "competitor" density has a small positive effect on pupation success of A. barberi (Fig. 13) . In addition, A. barberi is a facultative carnivore and if not provided with other prey, readily turns cannibalistic in the laboratory. A. barberi, like T. rutilus, may thus be partially self-limiting by cannibalism when resources decline. In sum, there is no evidence that limiting resources result in either intra-or interspecific competition for A. barberi. On the contrary, like A. triseriatus, predation may be responsible for keeping A. barberi at low population levels (Fig. 4) and low levels of intraspecific crowding (Fig. 11) .
While experiencing less total crowding from filter feeders, O. signifera exhibit a higher level of intraspecific crowding than A. barberi (Fig. 11) . Intraspecific competition is unlikely, however, since pupation persists all summer long and, as in A. triseriatus, is generally positively correlated with intraspecific density (Fig. 13) . In the absence of T. rutilus and later in the year, other filter feeders do have a negative effect on pupation success (Fig. 13) and they may expalin why, despite maintaining the same biomass throughout the year (Fig. 4) , pupal production is lower in the late summer than in the spring (Fig. 12) . In the absence of T. rutilus further north, A. triseriatus is the predominating species and both O. signifera and A. barberi exist at low frequencies until later in the year when the larval population of A. triseriatus declines (Mitchell and Rockett 1981) as the latter enter diapause as embryos (Shroyer, 1979) . At Tall Timbers, O. signifera coexist with T. rutilus in the larger, more permanent holes; in tires T. rutilus greatly reduce adult ecdysis of O. signifera (Table 5 ) and the effects of T. rutilus on the age distribution of O. signifera in tree holes (Fig. 15) suggests that they also consume large numbers of the latter under natural conditions. Thus, although O. signifera may experience some competitive pressure from other filter feeders, these effects are restricted to the mid-and late summer and do not prevent O. signifera from producing pupae in greater abundance than any other species.
We can say less about competition between T. rutilus and C. appendiculata. The data in Table 6 suggest that T. rutilus regulate their own numbers through cannibalism and while cannibalism can be viewed as an ultimate form of interference competition, it is not necessarily competition for a limiting resource. Despite a persistently high standing crop of T. rutilus (Fig. 4) , pupation declines during the year (Fig. 12) . At the same time, levels of O. signifera, remain high (Fig. 4) and the decline in pupation from censuses 5-9 (Fig. 12) occurs at a time of year when C. appendiculata is at its lowest level (Fig. 4) . Although we do not know to what extent C. appendiculata is cannibalistic, larvae exhibit a higher level of intraspecific crowding than T. rutilus but also a higher density and greater diversity of potential prey, including both A. triseriatus and O. signifera (Fig. 11) . Finally, C. appendiculata, both by virtue of its seasonal abundance (Fig. 4) and pupation (Fig. 12 ) was bivoltine at Tall Timbers in 1978 and appeared to realize its greatest pupation success later in the season. In sum, while we cannot exclude intraspecific competition among T. rutilus, there is certainly little evidence to support such a concept and even less to confirm trophic resource limitations in C. appendiculata.
The picture which emerges is one of a community whose constituent species are held below their carrying capacities by a self-limiting cannibalistic predator. This conclusion does not mean that competition is never important in any hole at any time; rather, viewed on the scale of the broader community, it does not appear to be of any consequence. On a local, within tree-hole basis, extinctions and reinvasions are common, amounting to at least one species for every 2 holes every two weeks (Table 1) . Moreover, even though there may be selection by ovipositing females for certain types of tree holes, in the system as a whole, extinctions and immigrations occur without regard to community composition, tree-hole size or stability, or average number of species present (Tables 1-2) . In these respects, tree-hole mosquito communities at Tall Timbers closely resemble the simulated dynamics of predator mediated, non-equilibrium coexistence by Caswell (1978) . Much as Caswell's local predator affects the relative distribution but not the extinctionpersistence of the prey, T. rutilus affects the relative abundances of O. signifera, A. triseriatus and A. barberi at Tall Timbers; on a geographic scale, all three species persist in its presence from about 30-40~ N latitude and despite its absence further north in the upper midwest (Mitchell and Rockett 1981 ; Jenkins and Carpenter 1946) .
The circumscribed habitat of tree holes initially suggested that competition for limiting resources ought to be an important factor organizing this community. It is becoming increasingly recognized that competition regulates the number of species in a community only when the numbers of that community actually compete; i.e., when they are at or near their carrying capacity (Menge and Sutherland 1976) . Despite the apparent limitation of finite habitats such as grass stems (Rathcke 1976) , the edges of unrolling tropical leaves (Strong 1981) , or the basal tree holes in the current study, insect populations of similar species may coexist well below their carrying capacities and not competitively exclude one another. Perhaps it is time to exorcise the "ghost of competition past" (Connell 1980) , resurrecting it not for a convenient explanation, but only when coevolved niche shifts or competitive exclusion can be clearly demonstrated.
Origins of habitat partitioning
If competitive interactions have played little role in the establishment of sub-habitat differences of basal tree-hole mosquitoes in north Florida, the question then remains as to the origin of these differences. The two genera, Orthopodomyia and Toxorhynchites, are typically, if not exclusively, container breeders throughout their world-wide range (Zavortink 1968; Steffan and Evenhuis 1981) and O. signifera is thought to be more derived than its tree-hole breeding congeners (Zavortink 1968 (Zavortink , 1970 . Corethrella are frequent container-breeders in both the New World tropics (Lane 1942) and Southeast Asia (Beaver 1979 (Beaver , 1982 . Anopheles barberi is but one of some 6 New World tree-hole anophelines and perhaps the most recently evolved of the group (Zavortink 1970) . The subgenus Protomacleaya, to which A. triseriatus belongs, "with more than 40 species, is the dominant subgenus of tree-hole breeding Aedes in the New
World" (Zavortink 1972 ). Tree-hole breeding members of the genera Toxorhynchites, Orthopodornyia, Aedes and Anopheles coexist sympatrically in Asia (Chow 1949; Lu 1980; Tanaka et al. 1979 ) and in temperate Europe Anopheles, Aedes, and Orthopodomyia may occupy the same holes (Tate 1932; Kitching 1971 ; Mattingly 1969) . It is thus clear that T. rutilus, O. signifera, A. triseriatus, A. barberi and C. appendiculata belong to genera or subgenera whose constituent species frequently or exclusively occupy tree holes in tropical to north-temperate zones. There is, therefore, no reason to suppose that coexistence in temperate North American tree holes by these species is a consequence of co-evolved niche shifts; rather, the principal determinants of their coexistence probably relate to the adaptations already possessed by each species at the time of their first encounter.
In addition to the species we found in tree holes at Tall Timbers, Aedes hendersoni and Orthopodomyia alba, which are closely related to, if not sibling species of, A. triseriatus and O. signifera, are common elsewhere in North America. We believe that if competitive exclusion or coevolved niche shifts can be demonstrated in temperate North American tree-hole mosquitoes, it will be between one of these species pairs.
The foregoing discussion indicates effective habitat separation among tree-hole mosquitoes in eastern North America and further suggests that this separation followed from adaptations already possessed at the time of colonization. If few co-evolutionary niche-shifts have taken place, the community remains below the carrying capacity for most or all species, and competition plays little or no role in determining community structure, are there then subhabitats available for the colonization of new species? The answer to this question is almost certainly affirmative.
Superficially, it might appear that the tree holes at Tall Timbers already included two different size-selective predators as well as filter feeders which separate according to the height of the forest (A. hendersoni, A. triseriatus), drought resistance (A. triseriatus, O. signifera) , and withinhole spatial feeding patterns (A. barberi, O. signifera) . However, other localities contain many more species. Lu (1980) lists 32 species of mosquitoes found in tree holes of mountain forests on Hainan Island. Lounibos (1981) made a careful, quantitative study of 22 sympatric species of tree-hole mosquitoes on the Kenya coast. He found habitat segregation similar to the ones described in the present study but, in addition, found separation by macro-habitat such as peridomestic, fiver bed, cultivated, and ecotonal areas and by subtle differences in hatching pattern. In addition, those species of Aedes which overlapped to the greatest extent in macro-and microhabitat exhibited strikingly different hatching patterns: the greatest majority of the eggs of one species hatched upon the first flooding of a tree hole, the eggs of the other species hatching little by little in successive floodings, thereby separating the two species in time. This degree of habitat segregation has not been approached at Tall Timbers and the number of available subhabitats is more likely limited by human ability to perceive them than mosquito ability to exploit them.
From the point of view of co-evolution, one might conclude that the greater the number of species in a community, the greater the subtlety in their niche separations. This statement reflects reasoning adherent to theories of limiting similarity and species packing. Equally plausible is the concept that multiple opportunities present themselves and when appropriately adapted species encounter these opportunities, they are exploited. Mattingly (1969) states that "It is nearly true to say that if it holds water mosquitoes will breed in it somewhere or other." The tree holes at Tall Timbers are bounded by the Atlantic Ocean to the east, the Gulf of Mexico to the south, the arid region of the southwest, and harsh winters to the north. Lounibos' (1981) tree holes on the Kenyan coast lie in the tropical forest belt across equatorial Africa. Not only is there a great diversity of forest macrohabitats as described by Lounibos (1981) but also a variety of other container microhabitats such as fruit husks, snail shells, and plant axils, all containing water and each with its own particular mosquito fauna (Lounibos 1978 (Lounibos , 1979 (Lounibos , 1980 Lounibos and Munstermann 1981) . It should be no surprise, given a rich mosquito fauna with a great variety of exploitative abilities evolved in unique or highly divergent habitat types, that this same fauna could incidentally possess more subtle mechanisms to partition tree holes. Again, we do not mean to imply that coevolution never takes place in tree holes. Rather, we reiterate that competition and coevolved niche shifts, unless experimentally demonstrated or reasonably inferred from circumstantial evidence, cannot be invoked to explain the coexistence of a diversity of species within a habitat type, no matter how circumscribed or discrete that habitat.
